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(57) ABSTRACT

A bearing assembly for a compressor of an internal com-
bustion engine. The bearing assembly includes an outer ring
having an outer cylindrical surface with a first and a second
axial section. A positioning component which has a recess
with an mner circumierence 1s provided, wherein the posi-
tioning component surrounds the outer ring 1n a region of the
second axial section and the positioning component and the
outer ring are arranged displaceably relative to one another.
To provide an alternative anti-rotation element and an alter-
native axial stop, at least one sub-section of an inner
circumierence of the recess of the positioning component 1s
non-uniformly spaced from the center point and the cross-
section of the second axial section around the circumierence
has at least one sub-section with a radius that varies around
the contour of the outer cylindrical surface (radius varia-
tion). In a first circumierential section, the distance between
the contour of the outer cylindrical surface of the second
axial section and the axis of rotation 1s greater than the
distance between the contour of the inner circumierence of
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the recess of the positioning component and the axis of (56)
rotation 1n a second circumierential section.
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BEARING ASSEMBLY FOR A
TURBOCHARGER, COMPRISING AN
ANTI-ROTATION ELEMENT

BACKGROUND

The mvention relates to a bearing assembly for a com-
pressor of an iternal combustion engine, in particular, a
bearing assembly including an angular contact ball bearing,
for supporting and guiding the rotor shaft of a turbocharger.
Ball bearings include balls as roller bodies and an outer ring
and, 1f necessary, an 1nner ring, on each of which a raceway
1s formed. The balls roll between the outer ring and the 1nner
ring on the raceways and are spaced apart from each other
by a cage with roller body pockets distributed around its
periphery. The cage can be guided on the roller bodies or on
one of the rings; in turbochargers, the gmidance usually takes
place on the outer ring—but i1t 1s also possible for the
guidance to take place on the mner ring. The special oper-
ating conditions of a turbocharger are particular challenges
when designing the bearing. The rotor shait rotates at a
rotational speed that transfers high loads into the bearing as
a function of the absolute magmitude and oscillations. Tur-
bochargers are operated at continuously changing rotational
speeds that can equal at a maximum up to 300,000 revolu-
tions per minute. In addition, high operating temperatures
that act on the lubricant and the materials 1n use prevail, in
particular, 1n the vicinity of the turbine wheel. Comparable
operating conditions also apply to bearings for rotor shatts
for compressors and so-called turbo compounds.

Typically, a rotational lock of the roller bearing cartridge
1s 1mplemented by contact surfaces that are formed on a
housing and the bearing outer ring. The axial locking 1s
typically realized by a stop on the outer ends of the outer
bearing sleeve. In such variants, the support in the axial
direction 1s realized at two different positions on the hous-
ing. This involves increasing the axial play for heating the
components due to different coetlicients of thermal expan-
sion. The housing can be made, namely from lightweight
metal, such as aluminum or an aluminum alloy, while the
bearing sleeves are made, 1n particular, from steel or a steel
alloy.

EP 2 299 066 Al shows, as an example, a bearing
assembly for a compressor of an internal combustion engine.
Shown 1s a bearing assembly with an outer ring of a bearing
cartridge and with a positioming component that 1s mounted
on a housing and contacts the end surface of the outer ring.
The positioning component has a central cut-out with an
inner periphery. In the area of the contact surface between
the positioning component and outer ring, there are two pins.
The pins engage 1n corresponding cut-outs on the outer ring
and form the rotational lock. The contact area between the
positioning component and outer ring forms a one-sided
axial bearing. In some applications, 1t has proven disadvan-
tageous that the fit 1n the area of the rotational lock and the
axial stop must be designed as a clearance fit with large
mimmum play due to the heat-related expansion of adjacent
components. In some applications, this can generate noise.

SUMMARY

Therefore, the object of the invention i1s to provide a
bearing assembly, a compressor with such a bearing assem-
bly, and a turbocharger with such a bearing assembly, whose
rotational lock 1s improved.

The solution to this objective 1s produced using one or
more features of the mvention, advantageous refinements,
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2

and constructions of the invention can be obtained from the
description and claims that follow. Accordingly, the objec-
tive 1s achieved by a bearing assembly for a compressor of
an 1nternal combustion engine with an outer ring having an
outer lateral surface with a first and a second axial section,
wherein the cross section of the first axial section has an
essentially constant radius of the contour of the outer lateral
surface, wherein a center point on an axis of rotation 1s
defined and with a positioning component that has a cut-out
with an 1mnner periphery, wherein the positioning component
surrounds the outer ring in the area of the second axial
section and wherein the positioning component and the outer
ring are arranged so that they can move relative to each
other. The mner periphery of the cut-out of the positioning
component has at least one sub-section with non-uniform
distance to the center point and the cross section of the
second axial section has, along the periphery, at least one
sub-section that has a changing radius of the contour of the
outer lateral surface (radius varnation), wherein in a first
peripheral section, the distance between the contour of the
outer lateral surface of the second axial section and the axis
of rotation 1s greater than the distance between the contour
of the mner periphery and the axis of rotation 1n a second
peripheral section.

The invention 1s based on the knowledge that an arrange-
ment of the positioning component relative to the outer ring
can be realized such that the distance between the center
point on the axis of rotation of the outer ring and the inner
periphery of the cut-out of the positioning component
changes along the iner periphery. The outer lateral surface
of the second axial section of the outer ring acts as the
mating piece. The cross section of the second axial section
has, along the periphery, at least one sub-section that has a
changing radius of the contour of the outer lateral surface.
The mner periphery of the cut-out of the positioning com-
ponent and the outer lateral surface of the second axial
section thus can be set 1n a defined relationship to each other:
in a first peripheral section, the distance between the contour
ol the outer lateral surface of the second axial section and the
axis ol rotation 1s greater than the distance between the
contour of the inner periphery and the axis of rotation 1n a
second peripheral section, wherein the expression peripheral
section designates an angular range of the mner periphery of
the positioning component and an angular range of the
contour of the outer lateral surface.

Due to the geometrical relationships, rotation of the outer
ring can be prevented, wherein this results 1n tangential
contact conditions between the outer ring and the position-
ing component. This produces advantages with respect to the
production of noise and wear. In addition, a low axial and
also radial play can be implemented with simultaneously
only minimal requirements on the production tolerances.

In one advantageous embodiment, a third axial section
with an outer lateral surface contacts the second axial
section on the side facing away from the first section,
wherein, 1n cross section, the contour of the outer lateral
surface of the third axial section has a sub-section with a
greater distance to the center point compared with the
sub-section of the radius variation of the second axial
section 1n the same peripheral angle area (axial bearing
section). Thus, advantageously an axial bearing can be
formed that 1s used, in particular, for the axial locking of the
outer ring and the bearing cartridge. In addition, 1n an
inexpensive way, a locking can be implemented that can
absorb forces independent of the axial direction of effect of
the forces.
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In another advantageous embodiment, the positioning
component can be connected to a housing, wherein the

relative position of the first peripheral section and of the
second peripheral section are defined. In this way, the
components can be aligned easily. The positioning compo-
nent has, 1 particular, a disk-shaped construction and 1s
preferably connected by threaded connections to the hous-
ing. The threaded connections are preferably in an asym-
metric arrangement, wherein the positionally accurate
arrangement of the positioning component 1s guaranteed.

In another advantageous embodiment, in a third periph-
eral section, the distance between the contour of the outer
lateral surface of the second axial section and the axis of
rotation 1s greater than the distance between the contour of
the 1nner periphery and the axis of rotation in the second
and/or a fourth peripheral section. In this way, a rotational
lock can be guaranteed, which acts 1 both peripheral
directions. In addition, due to the arrangement of a fourth
peripheral section, a second area can be formed so that
rotation 1s prevented even for small angles of rotation.

In another advantageous embodiment, the radius variation
1s a circular arc-shaped sub-section, whose center point 1s on
a second axis (second center point), whose position deviates
from the axis of rotation. The second center point advanta-
geously encloses, with the circular arc-shaped sub-section,
the center point on the axis of rotation of the outer ring.

In another advantageous embodiment, the cut-out has
essentially a circular shape, wherein the radius of the cir-
cular cut-out 1s greater than or equal to the minimum radius
ol the contour of the cross section of the outer lateral surface
of the second axial section and 1s less than the largest radius
of the contour of the cross section of the outer lateral surface
of the second axial section. In this way 1t can be guaranteed
that rotation of the bearing outer ring i1s prevented even for
small angles of rotation.

In one advantageous refinement of this embodiment, the
center point of the circular cut-out (third center point) 1s
arranged eccentric to the center point, wherein the center
point 1s closer to the sub-section of the distance varniation
than the third center point.

In another advantageous embodiment, the radius variation
of the second axial section 1s produced from an eccentric
recess. In particular, the second and third axial section can
have essentially the same base body. Thus, the contour of the
second axial section can be realized economically.

The objective 1s further achieved by a compressor for an
internal combustion engine with a housing and with a
bearing assembly 1n one of the described embodiments,
wherein the positioning component 1s fixed on the housing.

In addition, the object 1s achueved by a turbocharger for an
internal combustion engine with a turbine wheel and a
compressor wheel that are connected to each other by a
shaft, as well as with a bearing assembly according to one
of the embodiments described above, wherein the bearing
assembly 1s held at least partially by a housing. In addition,
an application 1s possible, 1n principle, with a turbo com-
pressor, a turbo compound, and comparable applications, for
example, a compressor driven by an electric motor.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s now explained in more detail using an
embodiment, wherein reference 1s made to the drawings.
Functionally identical elements of the explained embodi-
ments are marked with i1dentical reference symbols.

FIG. 1 central housing of a turbocharger with bearing
cartridge according to the prior art,
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4

FIG. 2 perspective view of a bearing cartridge with
eccentric recess,

FIG. 3 longitudinal section of a central housing with
bearing cartridge of FIG. 2,

FI1G. 4 detail Z from FIG. 3,

FIG. 5 top view of the end side of the bearing cartridge
from FIG. 3,

FIG. 6 positioning component 1n top view,

FIG. 7 bearing cartridge of FIG. 3 in cross section B-B,

FIG. 8 detail Y from FIG. 7,

FIG. 9 bearing cartridge with eccentric recess, and

FIG. 10 bearing cartridge of FIG. 9 1n cross section C-C.

DETAILED DESCRIPTION

FIG. 1 shows a cut-out of a central housing 1, which
forms a turbocharger together with a bearing cartridge 2, a
shaft (not shown), and turbine and compressor wheel (not
shown) mounted on the shait on the end. The bearing
cartridge 2 held by the central housing 1 comprises a
two-row angular contact ball bearing assembly with a con-
tinuous outer ring 3, a divided 1nner ring 4, and balls 5 as
roller bodies. The lubrication of the bearing 1s realized by
motor o1l that can be supplied to the bearing cartridge 2 via
a motor o1l hole 6. By a splash o1l hole 7, the motor o1l enters
into the interior of the bearing cartridge 2. The discharge 1s
realized via outlet openings 8.

On both sides of the bearing cartridge 2 there 1s an axial
stop 9 arranged on a central housing 1, wherein the axial stop
9 1s formed on one of the ends by a cover 10 that can be
screwed on the central housing 1. A lock against rotation can
be realized, for example, by a pin engaging 1n the cartridge
in the radial direction (not shown). In some applications 1t
has proven disadvantageous that the fit 1n the area of the
rotational lock and the axial stop must be designed as a
clearance {it with large minimum play due to heat-related
expansion of adjacent components. In some applications,
this can lead to the development of noise.

A bearing cartridge 2 according to the invention with
eccentric recess 11 1s shown 1n a perspective 1llustration 1n
FIG. 2. A peripheral groove 13 that 1s used for feeding motor
o1l from the motor o1l hole 6 of the central housing 1 to the
splash o1l hole 7 connects to an axial middle segment 12 of
the shown outer ring 3, on whose periphery an outlet
opening 8 1s 1ndicated. On the end, a shape of the outer
lateral surface 1s shown with a first and a second axial
section (14 and 15), wherein the cross section of the first
axial section 14 has an essentially constant radius of the
contour of the outer lateral surface, wherein a center point 16
1s defined on an axis of rotation.

The cross section of the second axial section 15 has, along,
the periphery, at least one sub-section that has a changing
radius of the contour of the outer lateral surface. This profile
of the contour defined below as radius variation 18 projects
from an eccentric recess 11. A third axial section 19 with an
outer lateral surface connects to the second axial section 15
on the side facing away from the first axial section 14,
wherein, 1n cross section, the contour of the outer lateral
surtace of the third axial section 19 has a sub-section with
a greater distance to the center point 16 compared to the
sub-section of the radius variation of the second axial
section 1n the same peripheral angle area. In this way, an
axial stop and a rotational lock can be formed, whose
function emerges from FIG. 3.

FIG. 3 shows a longitudinal section of a central housing,
1 with the bearing cartridge 2 shown 1n FIG. 2. In addition
to the general components of a bearing cartridge 2 according
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to the class already described in FIG. 1, there 1s a positioning,
component 20, which has a cut-out 21 with an 1inner periph-
ery, wherein the positioning component 20 surrounds the
outer ring 3 1n the area of the second axial section 15 and
wherein the positioning component 20 and the outer ring 3
are arranged so that they can move relative to each other.
The positioning component 20 1s constructed as a disk and
connected rigidly to the central housing 1 by a threaded
connection 22.

FI1G. 4 shows the detail Z of the bearing cartridge 2 from
FIG. 3. The positioning component 20 engages 1n the groove
formed by the recess 11 and limits the axial movement of the
bearing cartridge 2 1n the axial direction. The axial lock 1s
thus realized 1n contrast to the bearing cartridge known from
the prior art on only one side, wherein the negative eflects
ol a temperature-dependent expansion of the materials can
be reduced.

FIG. 5 shows an end side of the central housing 1 with
bearing cartridge 2 1n top view. The positioning component
20 1n the form of a disk 1s mounted by a threaded connection
22 on the central housing 1. A middle cut-out 21 engages 1n
the area of the radius varniation 18 1n the recess 11. In the
mounted state, the inner periphery of the recess 21 of the
positioning component 20 has a sub-section with non-
uniform distance to the center point 16 defined by the axis
of rotation of the bearing cartridge.

FIG. 6 shows the positioning component in top view.
Three holes 23 allow a threaded connection 22 between the
positioning component 20 and central housing 1, wherein an
asymmetric hole pattern 1s used. In this way, an aligned
assembly 1s enabled.

The cut-out 21 has essentially a circular shape, wherein
the radius of the circular cut-out 21 1s greater than or equal
to the minimum radius of the contour of the cross section of
the outer lateral surface of the second axial section 15 and
smaller than the largest radius of the contour of the cross
section of the outer lateral surface of the second axial section
15. The center point of the circular recess 21 (third center
point 24) 1s arranged eccentric to the center point 16,
wherein the center point 16 1s closer to the sub-section of the
radius variation 18 1n the mounted state than the third center
point 24. In this way it 1s guaranteed that the positioning
component 20 engages 1n the recess 11 shown in FIG. 4.

FIG. 7 shows the bearing cartridge 2 of FIG. 3 in cross
section B-B. Shown are the mner ring 4, the roller bodies 5,
and the outer ring 3 1n the area of the second axial section
15. Shown 1s, 1n particular, the contour of the radius varia-
tion 18. In addition, the interaction between recess 11 and
positioning component 20 for implementing a rotational
lock 1s shown: 1n a first peripheral section 25, the distance
between the contour of the outer lateral surface of the second
axial section 15 and the axis of rotation 1s greater than the
distance between the contour of the inner periphery of the
cut-out 21 of the positioning component 20 and the axis of
rotation 1n a second peripheral section 26.

This relationship 1s shown 1n detail Y of FIG. 8: a rotation
in the counterclockwise direction leads to contact between
the outer ring 3 and positioning component 20 due to the
described geometrical relationships, wherein further rotation
1s prevented. A corresponding shape on the opposing side
prevents rotation in the clockwise direction: 1 a third
peripheral section, the distance between the contour of the
outer lateral surface of the second axial section 15 and the
axis of rotation 16 1s greater than the distance between the
contour of the mner periphery and the axis of rotation 1n the
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second peripheral section 26. Thus, 1n both directions this
results 1n tangential contact conditions, which has a positive
ellect on the wear behavior.

FIG. 9 shows another view of the bearing cartridge 2 with
eccentric recess; FIG. 10 shows the bearing cartridge 2 1n
cross section C-C. Shown 1s the eccentricity of the recess 11,
whose radius variation 18 leads to a shift relative to the
center point 16: the radius variation 17 1s, 1 the shown
embodiment, a circular arc-shaped sub-section, whose cen-
ter point 1s on a second axis (second center point 27), whose
position deviates from the axis of rotation.

LIST OF REFERENCE SYMBOLS

1 Central housing

2 Bearing cartridge

3 Outer ring

4 Inner ring

5 Roller body

6 Motor o1l hole

7 Splash o1l hole

8 Outlet openings

9 Axial stop

10 Cover

11 Recess

12 Middle segment

13 Groove

14 First axial section

15 Second axial section

16 Center point on the axis of rotation
17 Sub-section

18 Radius variation

19 Third axial section

20 Positioning component

21 Cut-out

22 Threaded connection

23 Hole

24 Third center point

25 First circumferential section
26 Second circumierential section
27 Second center point

The mnvention claimed 1s:

1. A bearing assembly for a compressor of an internal

combustion engine, the bearing assembly comprising

an outer ring having an outer lateral surface with a first
axial section and a second axial section, a cross section
of the first axial section has an essentially constant
radius that defines a contour of an outer lateral surface
thereof,

a center point defined on an axis of rotation,

a positioning component that has a cut-out with an 1nner
periphery, said positioning component surrounds the
outer ring 1n an area of the second axial section and the
positioning component and the outer ring are arranged
displaceably relative to each other,

an inner periphery of the cut-out of the positioning
component has at least one sub-section with a non-
uniform distance to the center point and a cross section
of the second axial section has, along a periphery, at
least one sub-section that has a changing radius that
defines a radius variation of a contour of an outer lateral
surface thereof, and, 1 a first peripheral section, a
distance between the contour of the outer lateral surface
of the second axial section and the axis of rotation 1s
greater than a distance between a contour of the inner
periphery of the cut-out of the positioning component
and the axis of rotation 1n a second peripheral section.
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2. The bearing assembly according to claim 1, wherein the
outer ring includes a third axial section with an outer lateral
surface contacts the second axial section on a side facing
away Ifrom the first axial section, and, in cross section, a
contour of the outer lateral surface of the third axial section
has a sub-section with a greater distance to the center point
compared with the sub-section of the radius vanation of the
second axial section 1n a same peripheral angle range.

3. The bearing assembly according to claim 1, wherein the
positioning component 1s connectable to a housing, and a
relative position of the first peripheral section and the second
peripheral section are defined.

4. The bearing according to claim 1, wherein, in a third
peripheral section, a distance between the contour of the
outer lateral surface of the second axial section and the axis
of rotation 1s greater than a distance between the contour of
the mner periphery of the cut-out of the positioning com-
ponent and the axis of rotation 1n at least one of the second
peripheral section or a fourth peripheral section.

5. The bearing assembly according to claim 1, wherein the
radius variation 1s a circular arc-shaped sub-section, having,
a center point that 1s on a second axis, whose position
deviates from the axis of rotation.

6. The bearing assembly according to claim 1, wherein the
cut-out 1s essentially circular, a radius of the cut-out is
greater than or equal to a minimum radius of the contour of
the cross section of the outer lateral surface of the second
axial section and smaller than a largest radius of the contour
of the cross section of the outer lateral surface of the second
axial section.

7. The bearing assembly according to claim 6, wherein a
center point of the circular cut-out 1s arranged eccentric to
the center point, and the center point i1s closer to the
sub-section of the radius variation than a third center point.

8. The bearing assembly according to claim 1, wherein the
radius variation of the second axial section projects from an
eccentric recess.

9. A compressor for an internal combustion engine com-
prising a housing and with a bearing assembly according to
claim 1, wherein the positioning component 1s fixed on the
housing.

10. A turbocharger for an internal combustion engine
comprising a turbine wheel and a compressor wheel that are
connected to each other by a shaft, and a bearing assembly
according to claim 1, wherein the bearing assembly 1s held
at least partially by a housing.

11. A bearing assembly for a compressor of an internal
combustion engine, the bearing assembly comprising
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an outer ring having an outer lateral surface with a first
axial section and a second axial section,

a center point defined on an axis of rotation,

a positioning component that has a cut-out with an inner
periphery, the positioning component surrounds the
outer ring 1n an area of the second axial section and the
positioning component and the outer ring are arranged
displaceably relative to each other,

an mner periphery of the cut-out of the positioning
component has at least one sub-section with a non-
uniform distance to the center point and a cross section
of the second axial section has, along a periphery, at
least one sub-section that has a changing radius that
defines a radius vanation at a contour of an outer lateral
surface thereof, and 1n a first peripheral section, a
distance between the contour of the outer lateral surface
of the second axial section and the axis of rotation is
greater than a distance between a contour of the mnner
periphery of the cut-out of the positioning component
and the axis of rotation 1n a second peripheral section.

12. The bearing assembly according to claim 11, wherein
a cross section of the first axial section has an essentially
constant radius that defines a contour of an outer lateral
surface thereof.

13. The bearing assembly according to claim 11, wherein
the outer ring includes a third axial section with an outer
lateral surface contacts the second axial section on a side
facing away from the first axial section, and in cross section,
a contour of the outer lateral surface of the third axial section
has a sub-section with a greater distance to the center point
compared with the sub-section of the radius vanation of the
second axial section 1n a same peripheral angle range.

14. The bearing assembly according to claim 11, wherein
the radius variation 1s a circular arc-shaped sub-section.

15. The bearing assembly according to claim 11, wherein
a radius of the cut-out 1s greater than or equal to a minimum
radius of the contour of the cross section of the outer lateral
surface of the second axial section.

16. The bearing assembly according to claim 15, wherein
the radius of the cut-out 1s smaller than a largest radius of the
contour of the cross section of the outer lateral surface of the
second axial section.

17. The bearing assembly according to claim 11, wherein
the radius vanation of the second axial section defines an
eccentric recess.
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